The Polarographie behaviour of [ (C2H5)4N] ® [Fe(CO)3NO] e has been investigated at the mercury dropping electrode and platinum stationary electrode.
Polarographic studies have been carried out recently on several carbonyl 1 and carhonyl-nitrosyl 2 complexes with the aim of obtaining information on the electronic structure of the M -CO and M -NO bonds.
In the reduction of carbonyl complexes the electronic change is localized on a prevailing central metal orbital. In the nitrosyl complexes, however, it is the JTNO 2 orbital which is involved in the reduction process, apart from some cases in which the presence of cr-allylic ligands completely modifies the reduction mechanism giving rise to the cleavage of the M-allyl 'bond 3 . This paper reports results on the Fe(CO)3NO e ion, with the aim of comparing its polarographic behaviour with that of the isoelectronic Co(CO)4 e ion 4 and to find out if in this ionic nitrosyl carbonyl complex it is still the orbital which is involved in reduction.
Experimental
[Et4N][Fe(CO)3NO] and Hg[Fe(CO)3NO]2 were prepared and purified as in the literature 5 . Since compounds were very sensitive to oxygen, they were handled in an argon atmosphere.
Electrochemical measurements were carried out in acetonitrile, purified as in 1. c. 6 . Other experimental details have been reported previously 3 .
Results and Discussion
The complex [Et4N] ® [Fe(CO) 3NO] e shows two anodic waves and one cathodic wave at the dropping mercury electrode (Fig. 1) .
The two anodic waves, at -0.067 and + 0.63 V (for a depolarizer concentration of 2-10 _3 m) have Request for reprints should be sent to Dr. S. M. MURGIA, Istituto di Chimica Fisica, Universitä di Perugia, Via Elce di Sotto 10, 06100 Perugia (Italien). the same height and their limiting current is proportional to the concentration up to 4 mmoles/1. Above this concentration, the vs. c graph progressively diverges from linearity, probably 'because of the substance adsorption at the electrode (Fig. 2) . Both the waves have a diffusive character, since their limiting current is proportional to V^ng • The potential of the first wave does not vary with the depolarizer concentration, while that of the second wave moves towards more positive values (dEi/Jd log c ^ 55 mV).
Controlled potential coulometric oxidations on a mercury pool electrode, carried out at the plateau of the first wave, gave a number of electrons for molecule equal to 1. Periodic polarographic checks during the coulometries showed that, concomitant with a gradual weakening of the wave at -0.067 V, there was the appearance and growth of a cathodic wave at the same Ei/t. After oxidation, the cathodic wave reached the same height as the anodic w r ave from which it originated. The other two waves of the depolarizer remained unaltered both in form and position. The reduction of the above solution at the potential of the plateau of the cathodic wave brought the system back to the initial condition. The product of coulometric oxidations was isolated and characterized by its infrared spectrum 7 as the wellknown non-ionic complex Hg[Fe(CO)3NO]2. Fig. 1 b shows a tipical polarogram of this compound. These experimental results clearly show that the anodic wave at -0.067 V does not correspond to a simple oxidation of the depolarizer, but to the formation of a complex with the mercury. The electrodic process may be expressed by the scheme: From the similarity of the Ei/. of the anodic and cathodic steps it follows that the whole system is reversible. A similar mechanism was suggested by VLCEK for the oxidation of the isoelectronic complex Co (CO) 4 e on mercury 4 .
The processes involved at + 0.63 V are less clear. Coulometric oxidations carried out at this potential give a value 2 for n. Intermediate spectrophotometry checks indicate the formation of a complex the concentration of which reaches a maximum then decreases until total disappearance. Polarographic inspections during coulometries support this behaviour since there is initially the appearance of a cathodic wave at -0.067 V attributable to the formation of Hg[Fe(CO)3NO]2. Subsequently, this wave decreases together with the anodic wave at + 0.63 V while cathodic waves at -0.64 V, -1.10 V and -.1.80 V are formed. The same waves are formed during the direct oxidation of the mercury complex at the same potential, for which n (referred to concentration of Fe atoms) is equal to 1.
These observations suggest that there may be irreversible oxidation of Hg[Fe(CO)3NO]2 according to the mechanism:
Hg[Fe(CO)3NO]2^Hg 2 ® +2Fe(CO)3NO' + 2e
• decomposition products at +0.63 V. The formation of the radical Fe(CO)3NO' is suggested from i.r. spectra of partially electrolyzed solutions. A part from a decrease of the carbonyl and nitrosyl bands of Hg[Fe(CO)3NO]2, there appear two new carbonyl absorptions at 2055 and 1975 cm -1 and a new nitrosyl band at 1760 cm -1 . These frequencies are considerably higher than those of Fe(CO)3NO® ion (1985, 1880 and 1645 cm -1 in acetonitrile) and the shift is of the order of magnitude expected for a change from a anionic complex to a neutral one 8 . The primary product from the rapid decomposition of such a radical is Fe(CO)*(NO)2 and the final products NO, CO and Fe 3 ®.
Voltammograms on a stationary Pt electrode were carried out so as to study the oxidation of the Fe(CO)3NO® ion in the absence of electrode reaction with Hg.
Under these conditions the Fe(CO)3NO® ion gives a monoelectronic oxidation wave at a peack potential of +0.18 V. The oxidation product is presumably the Fe(CO)3NO" radical. Contrary to the observations on the Hg dropping electrode, in this case the bands attributable to the radical Fe(CO)3 NO' could not be found spectrophotometrically, probably due to a sensible catalytic effect of Pt on the decomposition reaction. The low reproducibility of the voltammograms and the lack of higher scan-ning rates of the potential did not allow the reversibility of the reaction to be established. On the basis of the behaviour at the D.M.E. we assume that a reversible process followed by rapid chemical decomposition of the primary product is involved.
The complex Hg[Fe(CO)3NO]2 shows a reversible cathodic peak at -0.20 V and an anodic peak with Ep = + 0.18 V at the Pt electrode.
